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In the title Cu 11 complex, [Cu(C 7 H 4 F0 2 )2(C 7 H 5 F0 2 )- 
(C 6 H 6 N 2 0) 2 ], the Cu° cation is coordinated by two N atoms 
of two nicotinamide (NA) ligands, and by four O atoms from 
two 4-fluorobenzoate (PFB) anions and one 4-fluorobenzoic 
acid (PFBA) molecule, in a distorted octahedral geometry. In 
the molecule, two Cu— O bond lengths are significantly longer 
than the other two. The dihedral angles between the 
carboxylate groups and the adjacent benzene rings are 
11.08 (14), 7.62 (13) and 5.73 (11)°, while the benzene rings 
are oriented at dihedral angles of 15.62 (6), 33.71 (8) and 
26.60 (8)°. In the crystal structure, extensive N— H- ■ O, C— 
H- ■ F and C— H- ■ O hydrogen bonds link the molecules into 
a three-dimensional network, tt-tt contacts between the 
benzene rings [centroid-to-centroid distances = 3.5517 (15), 
3.8456 (14) and 3.9265 (13) A] further stabilize the crystal 
structure. 

Related literature 

For background literature on niacin, see: Krishnamachari 
(1974). For information on the nicotinic acid derivative N,N- 
diethylnicotinamide, see: Bigoli et al. (1972). For related 
structures, see: Greenaway et al. (1984); Hokelek et al. 
(2010a J), c,d,e); Hokelek et al (2009a,fo). 




Experimental 

Crystal data 

[Cu(C 7 H 4 F0 2 ) 2 (C 7 H 5 F0 2 )- 

(C 6 H 6 N 2 0) 2 ] 
M, = 726.12 
Triclinic, PI 
a = 10.3370 (2) A 
b = 11.6707 (3) A 
c = 14.1121 (4) A 
a = 110.824 (4)° 

Data collection 

Bruker APEXII Kappa CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 
7mi„ = 0.745, r mttx = 0.827 

Refinement 

R[F 2 > 2a(F 2 )} = 0.036 

wR(F 2 ) = 0.087 

5 = 1.08 

7686 reflections 

461 parameters 

1 restraint 



Table 1 

Selected bond lengths (A). 



Cul-Ol 
Cul-02 
Cul-03 



2.0661 (13) 
2.4581 (14) 
2.2397 (14) 



Table 2 

Hydrogen-bond geometry (A, °). 



R = 101.333 (3)° 
y = 95.761 (2)° 
V = 1533.09 (8) A 3 
Z = 2 

Mo Ka radiation 
li = 0.79 mm -1 
T = 100 K 

0.48 x 0.32 x 0.24 mm 



27657 measured reflections 
7686 independent reflections 
6584 reflections with / > 2o(I) 
R in , = 0.031 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.59 e A~ 3 

Ap mi „ = -0.53 e A~ 3 



Cul-05 
Cul-Nl 
Cul-N3 



1.9701 (14) 
2.0024 (15) 
2.0084 (15) 



D — 


H-A 




D-H 


H-A 


D -A 


D-H-A 


N2- 


-H2A- 


■ 07' 


0.83 (3) 


2.17 (4) 


2.990 (3) 


175 (3) 


N2- 


-H2B- 


■ 02 u 


0.90 (3) 


2.07 (3) 


2.943 (2) 


163 (3) 


N4- 


-H4A- 


■ -or" 


0.79 (3) 


2.18 (3) 


2.953 (2) 


165 (3) 


N4- 


-H4B- 


■ 08 iv 


0.80 (3) 


2.08 (3) 


2.880 (3) 


174 (2) 


04- 


-H41- ■ 


■06 


0.85 (3) 


1.62 (3) 


2.457 (2) 


169 (3) 


C4- 


-H4- ■ F2 V 


0.93 


2.50 


3.248 (3) 


137 


C23 


-H23- 


■ -02" 


0.93 


2.42 


3.333 (2) 


167 


C25 


-H25- 


■ 08 vi 


0.93 


2.60 


3.275 (2) 


130 


C31 


-H31- 


■ 07 vii 


0.93 


2.55 


3.251 (3) 


132 



Symmetry codes: (i) — x + 1. — v — 1, — z + 1; (ii) — x + 1, — y, —z + 1; (iii) —X, —y, 
(iv) —x, — y + 1, — z; (v) — x, — y — 1, — z; (vi) x, y — 1, z; (vii) x, y + 1, z. 
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Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 1997) and Mercury (Macrae et at, 
2008); software used to prepare material for publication: WinGX 
(Farrugia, 1999) and PLATON (Spek, 2009). 

The authors are indebted to Anadolu University and the 
Medicinal Plants and Medicine Research Centre of Anadolu 
University, Eski§ehir, Turkey, for the use of the X-ray 
diffractometer. This work was financially supported by the 
Scientific and Technological Research Council of Turkey 
(grant No. 108T657). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: XU5224). 
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Bis(4-fluorobenzoato)- ,0' ;/c0-(4-fluorobenzoic acid-/c0)bis(nicotinamide-/dV 1 )copper(II) 
H. Necefoglu, F. E. Ozbek, V. Ozttirk, B. Tercan and T. Hokelek 

Comment 

As a part of our ongoing investigations of transition metal complexes of nicotinamide (NA), one form of niacin (Krish- 
namachari, 1974), and/or the nicotinic acid derivative AyV-diethylnicotinamide (DENA), an important respiratory stimulant 
(Bigoli et al, 1972), the title compound was synthesized and its crystal structure is reported herein. 

The title mononuclear Cu 11 complex, (I), (Fig. 1), consisting of two nicotinamide (NA), two 4-fluorobenzoate (PFB) 

and one 4-fluorobenzoic acid (PFBA) ligands. The Cu 11 center is coordinated by four O atoms from two (PFB) 
and one (PFBA) ligands, which act in different modes - monodentate, bidentate and monodentate, respectively, and 
two N atoms of two nicotinamide ligands (Fig. 1). So that, the molecule is six-coordinated. The structures of sim- 
ilar complexes of Cu 11 , Co 11 , Ni 11 and Zn 11 ions, [Cu(C 8 H 7 02)2(C6H 6 N20)2].2(H 2 0), (II) (Hokelek et al, 2010c), 
[Co(C 8 H703)2(C6H 6 N 2 0)(H 2 0)2], (HI) (Hokelek etal, 2010e), [Co(C 8 H703)2(C6H 6 N20)2(H20)2].2H20, (IV) (Hokelek 
et al., 20106), [Ni(C 8 H 7 03)2(C 6 H 6 N20)2(H20)2].2H 2 0, (V) (Hokelek et al, 2010a), [Zn(C 8 H 8 N02)2(C6H 6 N20)2].H 2 0, 
(VI) (Hokelek et al, 2009a), [Zn(C 9 HioN02)2(C6H 6 N 2 0)2(H20)2], (VII) (Hokelek et al, 20096) and 
[Zn(C 8 H 7 03)2(C 6 H 6 N20)2], (VIII) (Hokelek et al, 2010J) have also been determined. 

In the title compound (Fig. 1), two Cu — O bond distances [2.4581 (14) and 2.2397 (14) A] are significantly longer than the 
other two, and the average Cu — O bond length is 2. 1835 (14) A. The Cul atom is displaced out of the least-squares planes of 
the carboxylate groups (Ol/Cl/02), (03/C8/04) and (05/C15/06) by 0.0717 (3), 0.6121 (3) andO.7391 (3) A, respectively. 
The intramolecular O — H-0 hydrogen bond links the monodentately coordinated (PFB) and (PFBA) ligands (Table 1). 
The dihedral angles between the planar carboxylate groups and the adjacent benzene rings A (C2-C7), B (C9-C14) and 
C (C16-C21) are 11.08 (14), 7.62 (13) and 5.73 (11)°, respectively, while those between rings A, B, C, D (N1/C22-C26), 
E (N3/C28-C32) and F (Cu I/O 1/C 1/02) are A/B = 15.62 (6), A/C = 33.71 (8), A/D = 78.60 (6), A/E = 81.00 (6), A/F = 
11.19 (6), B/C = 26.60 (8), B/D = 70.02 (6), B/E = 86.56 (6), B/F = 23.92 (6), C/D = 44.98 (6), C/E = 66.30 (6), C/F = 
32.33 (6), D/E = 26.76 (6) and D/F = 75.15 (5)°. 

In (I), the Ol— Cul— 02 angle is 57.75 (2)°. The corresponding O— M— O (where M is a metal) angles are 60.32 (4)° in 
(III), 59.02 (8)° in (VI), 60.03 (6)° in (VII), 57.53 (5)°, 56. 19 (5)° and 59.04 (4)° in (VIII) and 55.2 (1)° in [Cu(Asp) 2 (py)2] 
(where Asp is acetylsalicylate and py is pyridine) [(FX); Greenaway et al, 1984]. 

In the crystal structure, intermolecular N — H - O, C — H-F and C — H - 0 hydrogen bonds link the molecules into a 

three-dimensional network (Table 1 and Fig. 2). The n— n contacts between the benzene rings, Cgl-Cgl 1 , Cgl-Cg2 n and 

Cg2-Cg3 m [symmetry codes: (i) 1 - x, -y, -z, (ii) 1 + x, y, z, (iii) -x, -y, 1 - z, where Cgl, Cg2 and Cg3 are the centroids of 
the rings A (C2-C7), B (C9-C14) and C (C16-C21), respectively] may also stabilize the structure, with centroid-centroid 
distances of 3.5517 (15), 3.8456 (14) and 3.9265 (13) A, respectively. 
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Experimental 

The title compound was prepared by the reaction of C11SO4.5H2O (1.23 g, 5 mmol) in H2O (20 ml) and NA (1.22 g, 10 
mmol) in H2O (20 ml) with sodium 4-fluorobenzoate (1.62 g, 10 mmol) in H2O (50 ml) at room temperature. The mixture 
was filtered and set aside to crystallize at ambient temperature for one month, giving blue single crystals. 

Refinement 

Atoms H2A, H2B, H4A and H4B (for NH2 groups) and H41 (for OH group) were located in a difference Fourier map and 
were freely refined. The C-bound H atoms were positioned geometrically with C — H = 0.95 A for aromatic H atoms, and 
constrained to ride on their parent atoms, with (7i S0 (H) = 1.2(7 e q(C). 



Figures 




Fig. 1. The molecular structure of the title molecule with the atom-numbering scheme. Dis- 
placement ellipsoids are drawn at the 50% probability level. The intramolecular O — H-0 hy- 
drogen bond is shown as dashed line. 



Fig. 2. A view of the crystal packing of the title compound. Only the N — H - 0 hydrogen 
bonds are shown as dashed lines. [H atoms not involved in hydrogen bonding have been omit- 
ted for clarity]. 



2 1 

Bis(4-fluorobenzoato)-K 0,0';KO-(4-fluorobenzoic acid-KO)bis(nicotinamide-KiV )copper(ll) 



Crystal data 

[C U (C 7 H 4 F02)2(C 7 H 5 F0 2 )(C 6 H 6 N 2 0) 2 ] 

M r = 726.12 

Triclinic, PI 

Hall symbol: -P 1 

a = 10.3370 (2) A 

b= 11.6707 (3) A 

c = 14.1121 (4) A 

a = 110.824 (4)° 

(3= 101.333 (3)° 

y = 95.761 (2)° 

V= 1533.09 (8) A 3 



Z = 2 

F(000) = 742 

D x = 1.573 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 9894 reflections 

6 = 2.5-28.4° 

H = 0.79 mnT 1 

T= 100 K 

Block, blue 

0.48 x 0.32 x 0.24 mm 
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Data collection 



Bruker APEXII Kappa CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 

r min = 0.745, r max = 0.827 

27657 measured reflections 



7686 independent reflections 

6584 reflections with / > 2<r(7) 
R mt = 0.031 

©max = 28.5°, 0 m i n = 1 .6° 

£ = -13^12 

£ = -15^15 
/= -18^18 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.036 



wR(F 2 ) = 0.087 



S= 1.08 

7686 reflections 
461 parameters 
1 restraint 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 



w = V[o 2 (F 0 2 ) + (0.0247P) 2 - 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap ma x = 0.59eA" 3 

Ap m i„ = -0.53 e A~ 3 



1.9077P] 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 
x y z Uis 0 */U eq 



Cul 0.13629 (2) 0.00940 (2) 0.301857(18) 0.01112(7) 

01 0.21519 (13) -0.08538 (12) 0.17898 (10) 0.0128 (3) 

02 0.37085 (14) 0.06815 (12) 0.30046 (11) 0.0147 (3) 

03 -0.06751 (14) -0.11248 (13) 0.23335 (11) 0.0162 (3) 

04 -0.19206 (16) -0.02059 (14) 0.34144 (13) 0.0243 (3) 
H41 -0.136 (3) 0.048 (2) 0.367 (3) 0.056* 
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05 


0.15186 (15) 


0.14357 (13) 


0.43863 (11) 


0.0181 (3) 


06 


-0.05429 (16) 


0.19004(14) 


0.42197 (13) 


0.0258 (4) 


07 


0.36816 (15) 


-0.47531 (13) 


0.40855 (12) 


0.0205 (3) 


08 


0.08320 (16) 


0.47994 (13) 


0.11418 (12) 


0.0240 (3) 


Nl 


0.19980 (16) 


-0.10554 (14) 


0.37023 (12) 


0.0121 (3) 


N2 


0.49317 (18) 


-0.32379 (16) 


0.55914 (14) 


0.0166 (4) 


H2A 


0.532 (3) 


-0.377 (3) 


0.572 (2) 


0.036 (8)* 


H2B 


0.517(3) 


-0.243 (3) 


0.602 (2) 


0.037 (8)* 


N3 


0.09164 (16) 


0.12271 (14) 


0.22622 (13) 


0.0121 (3) 


N4 


-0.05759 (19) 


0.33049 (17) 


-0.02899 (14) 


0.0180(4) 


H4A 


-0.094 (3) 


0.260 (3) 


-0.061 (2) 


0.019 (6)* 


H4B 


-0.070 (2) 


0.380 (2) 


-0.056 (2) 


0.022 (6)* 


Fl 


0.71007 (14) 


-0.12837 (14) 


-0.02727 (11) 


0.0314 (3) 


F2 


-0.56952 (14) 


-0.53850 (12) 


0.11468 (12) 


0.0331 (3) 


F3 


0.28179 (16) 


0.69704 (12) 


0.76409 (12) 


0.0398 (4) 


CI 


0.33457 (19) 


-0.02071 (17) 


0.21304 (15) 


0.0123 (4) 


C2 


0.4321 (2) 


-0.05193 (17) 


0.14653 (15) 


0.0137 (4) 


C3 


0.4058 (2) 


-0.16158(18) 


0.05765 (16) 


0.0168 (4) 


H3 


0.3252 


-0.2172 


0.0377 


0.020* 


C4 


0.4999 (2) 


-0.1880 (2) 


-0.00125 (17) 


0.0218(4) 


H4 


0.4835 


-0.2610 


-0.0607 


0.026* 


C5 


0.6176 (2) 


-0.1036 (2) 


0.03036 (18) 


0.0214 (4) 


C6 


0.6464 (2) 


0.0058 (2) 


0.11703 (18) 


0.0219 (4) 


H6 


0.7266 


0.0616 


0.1357 


0.026* 


C7 


0.5526 (2) 


0.03054 (18) 


0.17561 (17) 


0.0175 (4) 


H7 


0.5705 


0.1034 


0.2353 


0.021* 


C8 


-0.1680 (2) 


-0.11385 (18) 


0.26792 (15) 


0.0155 (4) 


C9 


-0.2758 (2) 


-0.22678 (18) 


0.22622 (16) 


0.0160 (4) 


CIO 


-0.2572 (2) 


-0.33826 (19) 


0.15506 (17) 


0.0202 (4) 


HIO 


-0.1778 


-0.3417 


0.1333 


0.024* 


Cll 


-0.3561 (2) 


-0.4443 (2) 


0.11633 (18) 


0.0243 (5) 


Hll 


-0.3441 


-0.5194 


0.0693 


0.029* 


C12 


-0.4729 (2) 


-0.4351 (2) 


0.14966 (18) 


0.0222 (4) 


C13 


-0.4959 (2) 


-0.3259 (2) 


0.21821 (17) 


0.0210 (4) 


H13 


-0.5767 


-0.3224 


0.2377 


0.025* 


C14 


-0.3952 (2) 


-0.22134 (19) 


0.25738 (16) 


0.0178 (4) 


H14 


-0.4077 


-0.1468 


0.3050 


0.021* 


C15 


0.0698 (2) 


0.21594 (18) 


0.46296 (16) 


0.0168 (4) 


C16 


0.1269 (2) 


0.34387 (18) 


0.54508 (16) 


0.0161 (4) 


C17 


0.0416(2) 


0.42600 (19) 


0.57831 (17) 


0.0202 (4) 


H17 


-0.0507 


0.4006 


0.5507 


0.024* 


C18 


0.0935 (2) 


0.5457 (2) 


0.65259 (18) 


0.0255 (5) 


H18 


0.0372 


0.6013 


0.6757 


0.031* 


C19 


0.2303 (2) 


0.57979 (19) 


0.69091 (17) 


0.0249 (5) 


C20 


0.3180 (2) 


0.5021 (2) 


0.65898 (17) 


0.0226 (4) 


H20 


0.4103 


0.5289 


0.6858 


0.027* 


C21 


0.2647 (2) 


0.38235 (19) 


0.58543 (16) 


0.0187 (4) 


H21 


0.3218 


0.3274 


0.5630 


0.022* 


C22 


0.2985 (2) 


-0.06282 (17) 


0.45817 (15) 


0.0139 (4) 
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till 


U.3Z34 


0.0229 


0.4955 




A A 1 *7* 
U.U1 /* 




CZj 


U.30J4 (I) 


-0.14142(17) 0.49619 


(15) 


A A 1 A 7 (A \ 
U.U14 / (4) 




mi 
HZi 


A A 1 1 O 

U.433Z 


-0.1088 


0.5579 




A A 1 O * 

U.Uls* 




CZ4 


a itaaa n n\ 
U.3ZyUU (,iyj 


-0.26950(17) 0.44009 


(15) 


U.U1Z3 (4 ) 




CZj 


U.ZZ43 (ZJ 


-0.31342 (17) 0.35045 


(15) 


a A 1 AH SA\ 

U.U14 / (4) 




HZ5 


u.iyoi 


-0.3987 


0.3123 




A A 1 O * 

U.Ulo* 




CZo 


U.loZl ^ZJ 


-0.22944 (17) 0.31836 


(15) 


A A 1 A A /A\ 
U.U 144 ^4 ) 




HZ6 


a nn 1 1 

u.uy 13 


-0.2599 


0.2586 




A A 1 *7* 
U.U1 /* 




CZ / 


u.3yyz (zj 


-0.36452(17) 0.46928 


(15) 


A A 1 Ifl (A \ 

u.uuy (4 ) 




CZo 


a aa/i n n\ 


0.08500 (17) 0.13710 


(15) 


U.U1Z / (4) 




HZ5 


-U.U364 


0.0055 


0.1121 




n Air* 
U.U15* 




czy 


A A1ACA i 1 A\ 

— U.U3UDU (ly) 


0.15950 (17) 0.08046 


(15) 


a Ain ( a\ 
U.U133 (4) 




Hzy 


A AAA/; 

— u.uyyo 


0.1312 


0.0197 




A A 1 & * 

U.Ulo* 




C30 


0.04892 (19) 


0.27753 (17) 0.11612 


(15) 


0.0126 (4) 




C31 


0.1513 (2) 


0.31490 (17) 0.20657 


(16) 


0.0147 (4) 




H31 


0.2075 


0.3922 


0.2313 




0.018* 




C32 


0.1690 (2) 


0.23614(17) 0.25979 


(15) 


0.0141 (4) 




H32 


0.2369 


0.2626 


0.3211 




0.017* 




C33 


0.0257 (2) 


0.37055 (17) 0.06562 


(16) 


0.0154 (4) 




Atomic displacement parameters (A 2 ) 












U n 


U 22 


t/ 33 


u 


u 


rr 23 

u 


Cul 


0.01402 (12) 


0.00961 (11) 


0.01052 (12) 


a AA177 {q\ 
U.UU 5 / / (0) 


a nm 1 n /fi\ 

u.uuziy (V) 


A AA/1 0 C fQ\ 

U.UU455 (0 ) 


Ol 


0.0124 (7) 


0.0113 (6) 


0.0131 (7) 


a aaa^ {z\ 
U.UUU5 (5 ) 


A AA 1 1 ( \ 

U.UU13 (5 ) 


A AA/1 1 fZ\ 

U.UU43 (5 ) 


02 


0.0155 (7) 


0.0117 (6) 


0.0130 (7) 


a aaa^ (z\ 
U.UUUo (5 ) 


A AAAO ( &\ 

U.UUUo (0 ) 


U.UUZ4 (5 ) 


03 


0.0151 (7) 


0.0160 (7) 


0.0175 (7) 


a r\r\ i o /c\ 
U.UUlo (j ) 


A AAQA (C\ 

U.UU3U (0 ) 


A AA7/1 (£\ 

U.UU /4 (0) 


04 


0.0235 (8) 


0.0179 (7) 


0.0240 (8) 


— U.UUZZ (0) 


U.UUo4 ( /) 


A AAA C 

— U.UUUj (0) 


05 


0.0260 (8) 


0.0143 (7) 


0.0133 (7) 


a aaca 

u.uusy (0 ) 


A AA11 ( &\ 
U.UU33 (0) 


A AA/1 1 /ZZ\ 

U.UU41 (0) 


06 


0.0199 (8) 


0.0154 (7) 


0.0327 (9) 


a nnnn f£\ 

u.uuuy (0 ) 


U.UU35 ( /) 


a aaaz: 
U.UUUo (0 ) 


07 


0.0236 (8) 


0.0110 (6) 


0.0198 (8) 


U.UU33 (0 ) 


U.UUoU (0 ) 


A AAT /ZZ^ 

U.UU30 (0 ) 


08 


0.0351 (9) 


0.0116 (7) 


0.0188 (8) 


— U.UU5Z (0) 


— U.UU 10 yl) 


U.UU /o (0 ) 


Nl 


0.0147 (8) 


0.0118 (7) 


0.0111 (8) 


U.UU35 (0 ) 


a aatz: 
U.UU30 (0 ) 


A AACT 

U.UUjZ (0 ) 


N2 


0.0185 (9) 


0.0111 (8) 


0.0168 (9) 


U.UU33 ( /) 


a AAaa sn\ 
U.UU33 ( /) 


A AAC1 

U.UUjJ ( /) 


N3 


0.0127 (8) 


0.0110 (7) 


0.0133 (8) 


U.UU33 (O ) 


A AATO (£\ 

U.UUZo (0 ) 


A AAC1 

U.UUjJ (0 ) 


N4 


0.0256 (10) 


0.0099 (8) 


0.0158 (9) 


-U.UUUo ( /) 


A AAT7 (Q\ 

— U.UUZ/ (0) 


A AAT 1 i"7\ 

U.UU / 1 (/) 


Fl 


0.0269 (7) 


0.0399 (8) 


0.0329 (8) 


U.UIZo (0 ) 


A A 1 Q/Z 

U.UlVo (0 ) 


A A1 1C 

U.UIZj (0 ) 


F2 


0.0289 (8) 


0.0209 (7) 


0.0419 (9) 


U.UUoZ (0) 


U.UU50 ( /) 


U.UUo / (0) 


F3 


0.0500 (10) 


0.0157(6) 


0.0340 (8) 


a aatc (£\ 
U.UU3D (0) 


A AA 1 Q (H\ 

U.UU 15 yl ) 


A AA/1 c 

U.UU43 ^0) 


CI 


0.0146 (9) 


0.0109 (8) 


0.0121 (9) 


U.UU33 yl ) 


A AA 1 1 (H\ 

u.uu 13 y 1 ) 


U.UU03 ( /) 


C2 


0.0150 (9) 


0.0139(9) 


0.0143 (9) 


U.UU45 (/) 


A AA1T fQ\ 

U.UU3Z (0 ) 


A AA7/^ /^7\ 
U.UU /0 (/) 


C3 


0.0164(10) 


0.0172(9) 


0.0149(10) 


U.UUZo (0 ) 


A AAT1 SQ\ 

U.UUZ1 (0) 


A AA C 1 (0\ 

U.UUjI (5) 


C4 


0.0250 (11) 


0.0230 (10) 


0.0164 (11) 


U.UUoo (9) 


A AAC/1 /n\ 

U.UU54 (V) 


A AACT /'t>^ 

U.UU53 (0) 


C5 


0.0213 (11) 


0.0276 (11) 


0.0229 (11) 


0.0122 (9) 


0.0116(9) 


0.0132 (9) 


C6 


0.0176(10) 


0.0219(10) 


0.0307 (12) 


0.0043 (8) 


0.0095 (9) 


0.0132 (9) 


C7 


0.0175 (10) 


0.0137(9) 


0.0202(11) 


0.0013 (7) 


0.0048 (8) 


0.0055 (8) 


C8 


0.0170(10) 


0.0163 (9) 


0.0131 (9) 


0.0023 (8) 


0.0008 (8) 


0.0074 (8) 


C9 


0.0171 (10) 


0.0153 (9) 


0.0154(10) 


0.0004 (7) 


0.0018 (8) 


0.0074 (8) 



sup-5 



supplementary materials 



i a 

C1U 


a a 1 m / 1 1 \ 

u.uiy / (i i ) 


A ni QC /1 a A 
U.UlOJ (1UJ 


A AT 1 A / 1 1 A 
U.UZ14 (1 1 ) 


A A A M /OA 

U.UU13 (0 ) 


A AA/i/1 /OA 

U.UUo4 (y ) 


a nn^/i /oa 
U.UUo4 (0 ) 


1 1 
CI 1 


a f\nn£ /1 TA 
U.UZ /O (1ZJ 


A A 1 *7 1 /1 A A 
U.U1 / 1 (1U) 


A ATIO /1 TA 
U.UZ35 (1ZJ 


A AAA1 /AA 

u.uuui (yj 


A AA/iO / 1 AA 

U.UUoo (1UJ 


A AA1 O /AA 

u.uujo (y ) 


C1Z 


a mnn /1 1 A 
U.UZUU (1 1 ) 


A A 1 01 /1 A A 

U.UlOJ (1U) 


A AT/lfl /1 TA 

u.uz4y (izj 


A AA C 1 (Q\ 

— U.UUM \6) 


A AATA /OA 

u.uuzu (y ) 


A AAO/1 /OA 

u.uuo4 (y ) 




a a i /i r\\ 
U.UlOO {iv) 


A AT/1 O (\ 1 \ 

U.UZ4o (1 1 ) 


A AT1T (\ 1 A 

U.UZ3Z (,1 1 J 


A AA 1 O /OA 

U.UUlo (0 ) 


A AA/1T /^QA 

U.UU4/ {y) 


A AI 1 O /QA 

U.UI lo (y) 


1 /I 
C14 


a n^m n ha 
U.UZUj [lv) 


A AI HA /QA 

U.U1 /4 [y) 


A A 1 ZZ/C /I A A 

u.uloo (iuj 


A AA/1 C /OA 

U.UU4 J \o ) 


A AA/1/1 /OA 

U.UU44 (0 ) 


A AAT^ /'OA 

U.UU / J \o) 


1 c 
CI J 


A AT10 / 1 1 A 

U.UZjo (11 ) 


A AI TO /QA 

U.UI jZ [y ) 


U.UI 44 (1UJ 


A AAQC /OA 

U.UU3 J (5 J 


a aa/;c /QA 
U.UUOJ (0 ) 


A AACC /OA 

U.UU J J (0 J 


Clo 


A AT 1 O /I A A 

U.UZlO (1UJ 


A AI 1A /QA 

U.UI j4 (y ) 


A A 1 AQ (\ CW 

u.ui4y (iuj 


A AA/1 T ^OA 
U.UU4Z (0 J 


A AATA f OA 

U.UU /O (oj 


A AACA /OA 

U.UU JO (0 ) 


Cl / 


A AT AC /I 1 \ 

U.UZUj (1 1 ) 


a ai 70 /1 aa 


A A 1 Q1 (\ 1 A 

u.uiyj \Y 1 ) 


A AAQA /OA 

U.UU3U (5 ) 


A AAAO fOA 

u.uuoy (y j 


A AATT ^CA 

U.UUZ / yo) 


i o 

Clo 


A AT 11 /I T\ 

U.UJ 11 (1 J) 


A AI CQ /I A A 

u.ui jy (luj 


A AT£1 (\ TA 

U.UZol (1ZJ 


A AA*7*7 /OA 

U.UU 1 1 \y) 


A AAQT (\ (\\ 

u.uuyz (iuj 


A AAT 1 /'QA 

u.uuz 1 (yj 


1 Q 

civ 


A A1 ^T M 1\ 

U.UJ J / (,1 j) 


n nn^ /qa 

u.uizo (y ) 


AA100/11A 

U.Uloo (1 1 ) 


A AAAO /OA 

— u.uuuy (yj 


A AA 10/1 AA 

U.UUlo (1U) 


A A A 11 /OA 

U.UU 1 J (oj 


CZU 


a ao ii n n 
U.UZ1 1 ^1 1 ) 


A AT 1 A /I A\ 

u.uziy (iuj 


A AT no (\ 1 A 

u.uzuy (i 1 ) 


A AATO fCA 

U.UUZo {0) 


A AAA/1 /QA 

u.uuu4 (y ) 


A AA Q A /QA 

u.uuou (y j 


/-it 1 
CZ1 


A AT 1 £ /1 1 A 

U.UZlo (,1 1 J 


A AI QA / 1 A\ 

U.U104 (1U) 


A A 1 H/Z ( 1 AA 

U.UI /o (1UJ 


a nncri /oa 
U.UUjU (0 J 


a nn/;/; /oa 
U.UUoo (y J 


A AAT1 /OA 

U.UU / j (0 ) 


CZZ 


U.UloZ (1U) 


A A 1 AO /'OA 
U.UIUO (5 ) 


A A 1 1 1 (Ci\ 

U.U113 {y) 


A AATO /*7A 

U.UUZo ( /J 


A AAT/; /OA 

U.UUZo (0 J 


A AA1A /TA 

U.UUjU {/ ) 


/^ti 

CZj 


A A 1 *7A / 1 A A 
U.U1 /U (1U) 


A A1 T£ /'OA 

U.UIZo (0 J 


A A 1 1 1 /OA 

U.U113 [y) 


A AA 1 /I /TA 
U.UU14 {/) 


A AA 1 1 /OA 
— U.UU13 (0) 


A AA1 O /TA 
U.UU JO {/) 


CZ4 


A A 1 11 /QA 

U.UI jj [y ) 


A AI Tfl fOA 
U.U1ZU (5 J 


A A 1 11 /QA 

U.U133 (y ) 


A AA1 /I /"7A 

U.UU34 { 1 ) 


A AAQT ^CA 

U.UU3 / {0) 


A AA/C C /TA 
U.UUOJ { 1 ) 


CZj 


A A 1 / 1 A A 

U.UlOO (1U) 


A A 1 A/; /'OA 

U.UlUo (0 ) 


A A 1 £J~) ( 1 AA 

U.UloZ (1UJ 


A AA 1 *7 /TA 
U.UU1 / (/ ) 


A AATT /OA 

U.UUZZ (0 ) 


a nnc'j /ta 
U.UU J j (/J 


/ 'T A 

CZo 


A A 1 A C /OA 

U.U14J (yj 


A A1 1A /OA 

u.ui ju (y ) 


A A 1 T*7 (Ci\ 

U.U1Z/ {y) 


A AAAT /TA 
U.UUU 1 \ l) 


A AA 1 A /OA 

— U.UU1U (0 ) 


A AA/1 1 /TA 

U.UU4J ( /J 


CZ / 


A A 1 /] C /Q\ 

u.ui4j (y) 


A A1 1 1 /'OA 
U.UI 1 1 (O) 


A A 1 C O ( 1 AA 
U.UI JO (1UJ 


a AflTT /'TA 

U.UUZ 1 yl) 


A AA 1/1 /OA 
U.UU14 (0 ) 


A AACA (H\ 

u.uujy {/) 


C28 


A A 1 1 A /A A 

U.UI 30 (9) 


A A 1 A 1 /OA 
U.U1U1 (8) 


A A 1 /I 1 /AA 

U.U141 (9) 


A AA 1 1 /TA 

U.UU 11 (7) 


A AATT /OA 

U.UU27 (0) 


A AA A 1 /TA 

U.UU41 (7) 


C29 


0.0131 (9) 


0.0135 (9) 


0.0116(9) 


0.0019(7) 


-0.0002 (7) 


0.0047 (7) 


C30 


0.0150 (9) 


0.0103 (8) 


0.0127 (9) 


0.0032 (7) 


0.0030 (8) 


0.0048 (7) 


C31 


0.0152(10) 


0.0100 (8) 


0.0173(10) 


0.0011 (7) 


0.0015 (8) 


0.0049 (7) 


C32 


0.0138 (9) 


0.0125 (8) 


0.0131 (9) 


0.0020 (7) 


-0.0013 (8) 


0.0039 (7) 


C33 


0.0202 (10) 


0.0119(8) 


0.0141 (10) 


0.0019 (7) 


0.0017 (8) 


0.0065 (7) 



Geometric parameters (A, °) 



Oil— 01 


2.0661 (13) 


C9— C10 


1.391 (3) 


Cul— 02 


2.4581 (14) 


C9— C14 


1.389 (3) 


Cul— 03 


2.2397 (14) 


C10— CI 1 


1.386 (3) 


Cul— 05 


1.9701 (14) 


C10— H10 


0.9300 


Cul— Nl 


2.0024(15) 


Cll— C12 


1.380(3) 


Cul— N3 


2.0084 (15) 


Cll— Hll 


0.9300 


Ol— CI 


1.283 (2) 


C13— C12 


1.375 (3) 


02— CI 


1.252 (2) 


C13— C14 


1.384 (3) 


03— C8 


1.233 (2) 


C13— H13 


0.9300 


04— C8 


1.294 (2) 


C14— H14 


0.9300 


04— H41 


0.855 (18) 


C16— C15 


1.498 (3) 


05— CI 5 


1.266 (2) 


C16— C17 


1.389 (3) 


O6— CI 5 


1.256 (3) 


CI 6— C21 


1.387 (3) 


07— C27 


1.237 (2) 


C17— H17 


0.9300 


O8— C33 


1.232 (2) 


C18— C17 


1.388 (3) 


Nl— C22 


1.338 (3) 


C18— H18 


0.9300 


Nl— C26 


1.342 (2) 


C19— C18 


1.372 (3) 


N2— C27 


1.331 (3) 


C20— C19 


1.372 (3) 


N2— H2A 


0.83 (3) 


C20— C21 


1.387 (3) 


N2— H2B 


0.89 (3) 


C20— H20 


0.9300 


N3— C28 


1.339 (2) 


C21— H21 


0.9300 


N3— C32 


1.345 (2) 


C22— H22 


0.9300 



sup-6 



supplementary materials 



JN4 — C33 


1 1 in /I \ 

1.3Zy (3) 


pn 
CZ3 — CZZ 


1 i m /i\ 
1.3y3 (3) 


XT /I T 1,1 A 

JN4 — hi4A 


A *7fl /1\ 

U. /y (3) 


CZ3 — CZ4 


1 i nn (i \ 
1.3yU (3) 


XT /I I I ,1 T) 

JN4 — hi4r> 


U.ol (3) 


Tjii 
CZ3 — hlZ3 


n mnn 
U.y3UU 


r 1 — Cj 


1 1£1 ^1\ 

l.iol (Z) 


CZ4 — CZ / 


1 C 1 C 

l.Dlj (Z) 


tti rn 
rz — C1Z 


1 i c/: /i\ 
1.3jo (Z) 


PIC PI /] 

CZj — CZ4 


1 1 Ol /1\ 

1.3o/ (3) 


hi — Ciy 


1 1£1 /1\ 

1.3oZ (Z) 


pic p ^> 
CZD — CZo 


1 1 O 1 /l \ 

1.3ol (3) 


r^i ( 'i 
CI — CZ 


1.4^4 (3 J 


P^ C 1 IT C 

CZj — rlZj 


n ninn 
U.y3UU 


CZ — C3 


1 i m fi\ 
1.3^3 (3) 


CZo — hiZo 


n mnn 
U.y3UU 


cz — c/ 


1 TOO PJ \ 

1.3oo (3) 


pio pin 

czo — czy 


1 1 Ol /1\ 

1.35/ (Z) 


PI Ul 

C3 — hi 3 


U.y3UU 


pio i no 
CZo — hiZo 


n mnn 
U.y3UU 


pi /) PQ 

C4 — C3 


1 TOO /I \ 

1.3oo (3) 


pin 1 1 in 

czy — hizy 


n mnn 
U.y3UU 


p/i rif 
C4 — CD 


1.3 /Z (3) 


Pin p ~y i 

C3U — C31 


1 1 Of /1\ 

1.3oj (3) 


v_/"t — 1 1 t 




pin CJQ 




C6 — C5 


1.373 (3) 


C31 — C32 


1.383 (3) 


C6 — C7 


1.381 (3) 


C31 — H31 


0.9300 


C6 — H6 


0.9300 


C32 — H32 


0.9300 


C7 — H7 


0.9300 


C33 — C30 


1.510 (2) 


C9 — C8 


1.490 (3) 






p.1 p,, 1 r\i 
Ul — Cul — U3 


nc m 
VD.U3 (D) 


r^i^ 

C12 — C13 — C14 


1 1 O 1 /1\ 

11 o.l (Z) 


, \ 1 ~ . . 1 p.1 

U 1 — Cu 1 — U2 


J /. / J (j) 


tuio 

C12 — C13 — HI 3 


1 in n 

izu.y 


r\z p,, 1 p. 1 
U5 — Cul — Ul 


1 j 1 .sZ (o) 


uii 

C 14 — C 1 3 — ti 1 3 


1 in n 

izu.y 


t\ r p., 1 P.1 

U5 — Cul — U3 


113. 1j (o) 


cy — C 1 4 H 1 4 


1 1 n i 

ny. / 


p.£ p,, 1 \ti 
U5 — Cul — JN 1 


VI. oU (0) 


C 1 3 — C 1 4 — cy 


1 in c£ / 1 n\ 
1ZU.D0 (iy) 


p.£ p,, 1 mi 
U5 — Cul — JN3 


yi. /u (o) 


nil nil 

C13 — C14 — H14 


1 1 n n 

i iy. / 


\n p,, 1 p.1 
JN 1 — Cul — Ul 


o/.yz (o) 


/~ic n c fit 
U5 — C 1 5 — C 1 0 


1 1 c on ^1 n\ 

iio.oy (iy) 


\ti p,, 1 p.i 
JN 1 — Cul — U3 


nn /;n 

yu.ou (o) 


Uo — CIS — U5 


1 ic i/: / 1 n\ 

izj.zo (iy) 


\T 1 XT'! 

JN 1 — CUl — JN 3 


1 /3.Z3 ( /j 


Uo — C 1 J — C 1 0 


I 1 "7 01 (\ Si\ 

I I /.o3 (lo) 


\n p,, 1 p.1 
JN3 — Cul — Ul 


50. 3y (o) 


r^i"7 ru nc 
C 1 / — C 1 0 — C 1 5 


1 1 n m ^1 n\ 

ny. /u (iy) 


JN3 — Cul — U3 


V3.!)4 (0) 


C21 — Clo — CIS 


1 in AC /1 o\ 
1ZU.40 (lo) 


pi p.1 fni 
CI — Ul — Cul 


no ni /I 1 \ 

yo.yz (i i ) 


fi i pit pn 
C21 — Clo — CI / 


1 1 Q "7Q / 1 Q\ 

i iy. /y (iy) 


pq r\i p,, 1 
Co — U3 — Cul 


111 ^i n i\ 
131.03 (13) 


pu pn un 
C 1 0 — C 1 / — H 1 / 


1 1 n n 

ny.y 


pq f\A TJ A 1 

Co — U4 — H4 1 


1 1 o /1\ 

lis (Z) 


pio pn pi, 
C 1 o — C 1 / — C 1 o 


1 in i /i\ 
1ZU.3 {!) 


p 1 £ p.£ Pn 1 
CI J — Uj — CUl 


1Z /.Zl (13J 


no pn un 
C 1 0 — C 1 / — ri 1 / 


1 1 a a 

i iy.y 


xt i p., 1 
C22 — JN 1 — Cul 


1 in H/z ( 1 1 \ 
1ZU. /O (13) 


Pn piO TT1Q 

C 1 / — C 1 o — ti 1 o 


in n 
1Z1 .U 


pn> \T1 pi/: 
C22 — JN 1 — C26 


1 1 o T7 /1 z:\ 

1 lo.Z / (lo) 


pin pio pn 

ciy — Clo — CI / 


1 1 O 1 /1\ 

11 0.1 (Z) 


PI/: M 1 P,, 1 

C26 — JN 1 — Cul 


llv. /y (13) 


pin pio i_ri o 
Ciy — Clo — Hlo 


111 n 
1Z1 .U 


PT7 "\T1 Ul A 

C2 / — JN 2 — HZ A 


llo (Z) 


TT1 pin pi o 

1 3 — c i y — c i o 


1 1 O 1 /1\ 

11 0.3 (Z) 


C2 / — JN 2 — ri2rs 


in n / 1 o\ 
1Z3.U (lo) 


tti pin pin 
1 3 — C 1 y — C2U 


1 1 O 1 /1\ 

1 lo.Z (Z) 


H2A — JN2 — ri2rs 


ill (i\ 
121 (3) 


pio pm pm 

c i o — c i y — C2u 


1 ii /i /i\ 
1Z3.4 (Z) 


PI O \71 P,, 1 

C2o — JN3 — Cul 


in m / 1 1\ 
ill. 10 (1Z) 


pm pm pn 
C 1 y — C2U — C2 1 


1 1 1 n /i\ 

ii / .y (Z) 


no xtq pn 
C2o — JN 3 — C32 


i i o io n /z \ 

llo. Is (lo) 


pin pm uin 
C 1 y — C2U — H2U 


111 1 

1Z1 .1 


pn \n p,, 1 
C32 — JN3 — Cul 


1 1 n in c\ i\ 
liy.Zy (13) 


pn pm tnn 
C2 1 — C2U — H2U 


111 1 

1Z1 .1 


pi 1 M/1 TJ,I A 

C 3 3 — JN 4 H4 A 


111 1 f \ Q\ 

1Z3.1 (lo) 


pi<r pn un 
C 1 0 — C2 1 — HZ 1 


1 1 n i 

i iy. / 


PH ~KT A J J An 

C3 3 — JN4 — H4B 


1 i o A /I 0\ 

118.4 (18) 


pon pn p 1 /; 
C2U — C2 1 — C 1 o 


1 in c 

120.6 (2) 


H4A— N4— H4B 


118(3) 


C20— C21— H21 


119.7 


Ol— CI— C2 


119.12(17) 


Nl— C22— C23 


122.71 (17) 


02— CI— Ol 


121.48(18) 


Nl— C22— H22 


118.6 


02— CI— C2 


119.40(17) 


C23— C22— H22 


118.6 


C3— C2— CI 


121.88(18) 


C22— C23— H23 


120.7 



sup-7 



supplementary materials 



p*7 PT P1 

C / — Cz — C 1 


1 1 O C"7 /1 Ol 

116.5 / (18) 


PT /""O PI 

C / — Cz — C3 


1 1 n c a /1 nl 

ny.54 (iy) 


PT /Tl TJ1 

Cz — C3 — hi 3 


linn 

ny.y 


P/i C"1 ( 

C4 — C3 — Cz 


1 ")A 1 /")! 

1ZU.1 (Z) 


P/1 PQ TJQ 

C4 — C3 — hi 3 


ny.y 


pi P/1 O/l 

C3 — C4 — hl4 


1 ">A 0 
1ZU.6 


pc p,/i pi 

CD — C4 — C3 


iio i /">i 
116. 3 (Z) 


re pi /i t_j a 
C j — C4 — hl4 


1ZU.8 


TT1 PC P/1 

h 1 — Cj — C4 


i i o o /">! 
116.6 (Z) 


T7 1 PC ( " 

h 1 — CD — Co 


II O | /">! 

116.1 (2) 


P/1 ( • z ( -p 

C4 — CD — CD 


m n /n 
Y25.2 \2 ) 


t ' z p/c pt 
Cj — Co — C / 


non /">i 
118.U (Z) 


pc P£ 1 1/. 
CJ — Co — hlO 


ni n 
121. U 


PT P' P II p 

C / — Co — hlO 


ni n 
121. U 


pi p7 TJ7 

Cz — C / — rl / 


1 1 Q /; 

iiy.o 


{ • A PT no 

Co — C / — Cz 


1 in n /">l 
1/U.y (2) 


Co — C / — hi / 


1 1(1 <; 

iiy.o 


pi no Pi/i 
U3 — Co — U4 


oa /] nl 

124. &y (iy) 


pi no pn 
U3 — Co — CV 


121.00 (18) 


P/i PC pn 

U4 — Co — cy 


111 A C /1 Ol 

113.45 (18) 


pi a pn pp 

ciu — cy — Co 


i in oi /1 nl 

ny.62 (iy) 


pi A ppi PO 

c 1 4 — cy — Co 


11/1 y|C /l Ol 

12U.45 (18) 


pi A PQ p 1 f\ 

c 1 4 — cy — c i u 


1 1 Q 71 /1 Ol 

i iy. /3 (iy) 


PA pip | ] | n 

cy — C 1 U — rl 1 U 


lino 
liy.6 


p 1 1 p 1 a p~*n 

ci i — ciu — cy 


1 in /i /">l 
12U.4 (2) 


P11 pin ui n 
CI 1 — CIU — hllU 


lino 

ny.6 


C 1 0 C 1 1 H 1 1 

V 1 U V 1 1 1 1 1 1 


121 0 


C12 — Cll — CIO 


118.0 (2) 


C12 — Cll — Hll 


121.0 


F2 — C12 — Cll 


118.9 (2) 


F2 — C12 — C13 


118.0 (2) 


C13 — C12 — Cll 


123.1 (2) 


pi p,i 1 A! pi 
U3 — Cu 1 — U 1 — C 1 


1 "7n c/: / 1 nl 
— 1 /y.50 (1U) 


PC P,, 1 Pil PI 

Uj — CU 1 — U 1 — C 1 


A "2 A /1 T\ 

0.34 (1 /) 


XT 1 Pi, 1 Pil P 1 

IN 1 — Cul — Ul — CI 


on k /in 
— 8y.l_> (11) 


XTO P,, 1 Al p| 

IN 3 — Cll 1 — U 1 — C 1 


0"7 1/1/111 

6/.iy (ii) 


p.] P,, 1 PI PO 

U 1 — Cu 1 — U3 — Co 


1"7/; no /1/:1 
1 /O.U8 (10) 


PC P,, 1 PI PO 

Uj — Cul — U3 — Co 


1 OT /I Ol 

—3.6 / (18) 


\T 1 p,, 1 PQ PO 

IN 1 — Cul — U3 — Co 


OO 11/1 H\ 

88.12 (1 /) 


XT1 P,, 1 PI PO 

IN 3 — CU 1 — U3 — Co 


n"7 "tA f 1 "71 

— y / .24 ( 1 1) 


p.] P,, 1 PC P 1 c 

Ul — Cul — Uj — CI j 


111 /Ti /1/ri 

133.03 (10) 


PQ p,, 1 pc PIC 

U3 — Cu 1 — Uj — C 1 j 


a /; /IT / 1 Tl 

-40.4/ (1 /) 


XT 1 P,, 1 PC PK 

IN 1 — Cul — Uj — CI j 


1 1 "7 on / 1 "71 

— 13 /.80 (1 /) 


"Ml P„ 1 PC p| f 

N3 — Cul — 05 — CI 5 


/I O 11 /1 "71 

48.11 (17) 


Ol— Cul— Nl— C22 


112.45 (15) 


Ol— Cul— Nl— C26 


-54.95 (15) 


03— Cul— Nl— C22 


-152.53 (15) 


03— Cul— Nl— C26 


40.06(15) 


05— Cul— Nl— C22 


-39.36 (15) 



pi/I PTQ PT> 

Cz4 — Cz3 — CzZ 


1 1 O /C A (\ 0\ 

iio.oy (lo) 


pn ptq i m 
Cz4 — Cz3 — hlz3 


1 TA 1 

IzU. / 


PTQ pi/I PT7 

Cz3 — Cz4 — Cz / 


1T1 A/1 P 7\ 

Iz3.y4 (1 /) 


P"> C pO/1 PTQ 

Czj — Cz4 — Cz3 


1 1 Q 1/1 /1 7\ 

1 10.34 (1 /) 


PTC PI/1 PT7 

Czj — Cz4 — Cz / 


I 1 T TA T"\ 

II /. /U '1 /) 


PT/1 PTC I nc 

Cz4 — Czj — hlZJ 


1 TA 1 

lzU.3 


p^)p PTC PO/1 

CzO — Czj — Cz4 


1 1 Q /I "7 ^1 0\ 

i iy.4 / (ioj 


Pl/f PTC TJTTC 

CzO — Czj — hlZJ 


1 TA 1 
1ZU.3 


XT1 PT£ PTC 

IN 1 — CzO — Czj 


1 TT A C / 1 0\ 

1zz.4j (lo) 


XT1 PT£ II")/: 

IN 1 — CzO — hlzO 


1 1 o o 

llo.o 


PTC PI/: TJTT£ 

Czj — CzO — hlzO 


1 1 o o 

llo.o 


(~\H pn XTT 

U / — Cz / — INZ 


1 Tl 1 C /I *7\ 
123.1 J (1 /) 


P*7 PT*7 PT/1 

U / — Cz / — Cz4 


1 1 O A 1 C\ H\ 

iio.yi (1 /) 


XTT PT*7 PT/1 

INZ — Cz / — Cz4 


1 1 *7 Al f\ *7\ 

ii /.y3 (1 /) 


XTI PTO PTfl 

IN3 — Czo — czy 


1TT HH P 7\ 
1ZZ. //{If) 


XTI PTO TJTTO 

IN 3 — Czo — hlzo 


1 1 o /: 

1 lo.O 


PTfl PTO TJTTO 

Czy — Czo — hlzo 


1 1 o c 

llo.O 


PTO PTfl PQpi 

Czo — Czy — C3U 


1 1 O O/l o\ 

llo.o4 (lo) 


PTO PTfl I i in 

czo — czy — hizy 


1 TA £ 
12U.0 


pia pm tjtpi 

C3U — czy — hizy 


1 TA & 
12U.0 


pin pqa p "> 
Czy — C3U — C33 


1 T/1 A 1 /I T\ 
124.U1 (1 /) 


pi i pin f ' T O 

c 3 1 — c 3u — czy 


i i o it / 1 *7\ 

1 lo. 3Z (1 /) 


PQ 1 PQA PQ Q 

C31 — C3U — C33 


I 1 *7 CO H\ 

II /.JO (1 /) 


PQA PQ 1 in i 

C3U — C3 1 — hl3 1 


1 TA 1 
12U.3 


PIT PQ 1 PQA 

C3Z — C31 — C3U 


1 1 A 1 *7 0\ 

ny.3 / (lO) 


P' 1 -) pi 1 TJQ 1 

C3Z — C3 1 — rl3 1 


1 TA 1 

IZU. 3 


XTl PI T PI 1 

IN J V/JZ V 1 


1 99 47 ii 8^ 


N3 — C32 — H32 


118.8 


C31 — C32 — H32 


118.8 


08 — C33— N4 


123.07 (18) 


08 — C33 — C30 


118.78 (17) 


N4 — C33 — C30 


118.15 (17) 


C / — Co — CD — C4 


1 A /1\ 

1.0 (3) 


f^z f^c f^n r^"> 
C5 — C6 — C / — CZ 


1 1 /1\ 

-1.1 (3) 


/-'in /^n f^Q r\~i 
C 1 0 — C9 — C8 — U3 


'•4 (3) 


/ii/i /^n /^o r\A 
C 1 0 — C9 — C 8 — U4 


1 "71 A/1 ( 1 0\ 

—1 /3.U4 (lo) 


Z" 1 1 A /^n /^O /~\"5 

C 1 4 — Cy — C8 — U3 


1 TT 1/1 ( 1 0\ 

-1 /Z.14 (lo) 


r^]A r^n r^o /^/i 
C 1 4 Cy — C 8 — U4 


n a /i\ 

7.4 (3) 


/^o /^n nil /"Mi 

C8 — cy — C 1 0 — C 1 1 


1 TA /I /T\ 

i /y.4 (z) 


1 a f^d nn pi i 

c 1 4 — cy — C 1 0 — C 1 1 


1 A /1\ 

-1.0 (3) 


r^o r^n r^i^i n i 

cs — cy — C 1 4 — C 1 3 


1 TA CC Pi A\ 

i /y.jj (iy) 


P1/1 r^Q A n 1 

c i u — cy — C 1 4 C 1 3 


A A (1\ 

0.0 (3) 


r^n nn pi i /^i") 
cy — C10 — Cll — C1Z 


A T /1\ 

0.7 (3) 


Pi/i /-i| i pn t?i 

C10 — Cll — Clz — 1 2 


1 TO /I 

—178.4 (2) 


CIO— Cll— C12— C13 


0.7 (3) 


CI 4— CI 3— CI 2— F2 


177.43 (19) 


C14— C13— C12— Cll 


-1.7 (3) 


CI 2— CI 3— CI 4— C9 


1.3 (3) 


CI 7— CI 6— CI 5— 05 


-177.41 (19) 



sup-8 



supplementary materials 



Uj — Cul — JN 1 — CZo 


1 CI 11 / 1 c\ 

1J3.Z3 (1j) 


p. 1 / • i \ti no 
Ul — Cul — JN3 — CZo 


*7A 1 £ / 1 C\ 

/U.3o (1 J) 


U 1 — Cu 1 — JN 3 — C3Z 


1 m / 1 c\ 
-lUZ.VU (1J) 


U3 — Cul — JN3 — CZo 


T/l /l/C / I c\ 

— Z4.40 (1 j) 


Pi 1 p.. 1 XTQ PQ T 

U3 — Cul — JN3 — C3Z 


Ul T7 f \ A\ 

loZ.Z / (14) 


r\ e p, , i \n poo 

Uj — Cul — JN3 — CZo 


1 in HQ n c\ 
_ 13 1 .IIS (1 j) 


Uj — Cul — JN3 — C3Z 


/I Q GC ( 1 C\ 

4o.yj (1j) 


p,.i p, i pi pp 
Cul — Ul — CI — UZ 


t m / 1 o\ 
Z.UZ (lo) 


( •, ,i p, i ni p-> 

Cul — Ul — CI — cz 


i n ^n / 1 1 \ 
—1 / t.oy (13) 


( •, ,1 /~\ O no Pi /I 

Cul — U3 — Co — U4 


T1 C /T \ 

21.5 (3) 


p., 1 Pii ro PA 
CU 1 — U 3 — C o — C y 


1 C A Pi*7 PI 1\ 

— ljy.U / (13) 


P. . i PC p| f P./C 

Cu 1 — Uj — C 1 J — Uo 


T O 1 /1\ 

Zo.l (3) 


/ ,1 P, C pi f p 1 S 

Cul — U J — C 1 j — C 1 o 


— l4v.yo (14) 


P,, 1 \I1 P T T pt] 

Cul — JN 1 — CZZ — CZ3 


1 /; c o o / 1 c\ 
-loj.oo (1j) 


p^> r \Ti /'n pti 

CZo — JN 1 — CZZ — CZ3 


1 i ii \ 

1.7 (3) 


Pi, 1 \H pi/; pt; 

Cul — JN 1 — CZo — CZj 


U C /I A ("K\ 

10D.4U (1j) 


POT XT 1 PI/: PTC 

CZZ — JN 1 — CZo — CZj 


-2.3 (3) 


Cu 1 — JN 3 — CZ o — CZy 


1 *7C £ 1 / 1 /I \ 

— 1 /j.ol (14) 


pi! XTT pto PTQ 

C3Z — JN 3 — CZo — CZy 


-2.3 (3) 


p,,i "\ti pn pi i 
CU 1 — JN 3 — C3Z — C3 1 


i T/i /i /i / 1 c\ 

1 /4.44 (1 J) 


PT Q "NTl P^l pT 1 

CZo — JN 3 — C3Z — C3 1 


o.y (3) 


p 1 pi pt PI 

U 1 — C 1 — CZ — C3 


11 c /l\ 

-11.5 (3) 


P,i pi pt P"7 

Ul — CI — CZ — c / 


1 £Q 11 f 1 T\ 

loy. 33 (1 /) 


PT pi pt PI 

UZ — CI — CZ — C3 


loo. /o (1 /) 


P*T PI PT P*7 

UZ — CI — CZ — c / 


1 A A f1\ 

-1U.4 (3) 


pi pt PI P /] 

C 1 — CZ — C3 — C4 


1 *7Pi 11/1 0\ 

—i /y.i i (lo) 


P*7 PT PI P/l 

C / — CZ — C3 — C4 


A fl /TA 

U.U (3) 


pi PT P*7 P/C 

C 1 — C2 — C7 — Co 


179.76 (Is) 


C3— C2— C7— C6 


0.6 (3) 


C5— C4— C3— C2 


-0.1 (3) 


C3— C4— C5— Fl 


-179.61 (18) 


C3— C4— C5— C6 


-0.4 (3) 


C7— C6— C5— Fl 


-179.78(18) 



P1*7 PU PK 

C 1 / — C 1 0 — C 1 J — Uo 


A A f1\ 

4.4 (3) 


PT 1 f~ y '\ & PK PC 

CZ 1 — C 1 0 — C 1 J — Uj 


A Ci /1\ 

4.9 (3) 


PT 1 PU PK 

CZ 1 — C 1 0 — C 1 J — Uo 


1 11 1 A ( 1 A\ 

-1 /3.34 (iy) 


PK p 1 r p i -7 P1Q 

C1j — Clo — CI / — Clo 


1 ^70 CO ( 1 OA 

_ i /o.jz (iy) 


PT 1 pu P1*7 PI O 

CZ1 — Clo — CI / — Clo 


A O /1\ 

— U.o (3) 


pic pu PT 1 PTA 

C 1 J — C 1 0 — CZ 1 — czu 


1 "7*7 Ci"> t 1 n\ 

i / /.yz (iy) 


PIT PU pt 1 PTPi 

CI / — Clo — CZ1 — czu 


A T /1\ 

0.2 (3) 


p i q pi o pn p i r 

ciy — cio — ci / — cio 


A A i1\ 

0.4 (3) 


T7i pin pi o pn 
r 3 — C 1 y — C 1 o — C 1 / 


1 *7A O 

_ i /y.o (Z) 


pth nn pic pn 
CZU — C 1 y — C 1 o — C 1 / 


U.O (4) 


PT 1 PTA PIG T71 

CZ 1 — CZU — C 1 y — r 3 


1 "7Q 0 1 / 1 Q\ 

i /y.zi (iy) 


PT 1 PTPi P 1 Pi PI O 

CZ 1 — CZU — C 1 y — C 1 o 


1 1 /i\ 
-1.1 (3) 


Plfl PTPi PT 1 PU 

c i y — czu — cz i — c i o 


A *7 /1\ 

0.7 (3) 


PT /I PT1 PI") Ml 

CZ4 — CZ3 — CZZ — JN 1 


A C /1\ 

0.5 (3) 


PTT PT1 PT /I PTC 

CZZ — CZ3 — CZ4 — CZj 


T 1 /T\ 

-2.1 (3) 


p -) -} PT1 PT /I PT*7 

CZZ — CZ3 — CZ4 — CZ / 


1 T/i Ifi / 1 o\ 

1 /o.ZU (lo) 


P11 PT /I PTT P.T 

CZ3 — CZ4 — CZ / — U / 


1 T) T /T\ 

—L/z.i (Z) 


POI pt /I PTT XTT 

CZ3 — CZ4 — CZ / — JNZ 


/I /1\ 

6.4 (3) 


PTC PT /I PTT r\H 

CZj — CZ4 — CZ / — U / 


C £ /1\ 

5.6 (3) 


PTC PT /I pn XTO 

CZj — CZ4 — CZ / — JNZ 


1 7C T/1 /1 Q\ 

—1 /J.Z4 (lo) 


PO/f PTC PT/1 PT1 

CZo — CZj — CZ4 — CZ3 


1 /i f1\ 

1 .6 (3) 


Pl/r PTC PT/1 PT*7 

CZo — CZj — CZ4 — CZ / 


1 *7£ o/; /1 o\ 
—1 /o.oo (lo) 


PT/1 f")C pi/; \y 1 

CZ4 — CZj — CZo — JN 1 


A 7 /l^ 

0.7 (3) 


XTl PTC PTPi pTA 

JN3 — CZo — CZy — C3U 


1 £ /1\ 

1 .6 (3) 


PI 1 P1A PTPI PT O 

C3 1 — C3U — czy — CZo 


A C /1\ 

0.5 (3) 


Pll PI Pi PTPi PT O 

C33 — C3U — CZy — CZo 


1 *7C AA fl Q\ 

—1 /j.yy (lo) 


PTPi P1A PI 1 PIT 

CZy — C3U — C31 — C3Z 


1 O /1\ 

-1.8 (3) 


PIT PTA PTl PTT 

C33 — C3U — C31 — C3Z 


1 *7 /I AC / 1 0\ 

174.95 (18) 


C30— C31— C32— N3 


1.1 (3) 


08— C33— C30— C29 


165.5 (2) 


08— C33— C30— C31 


-10.9 (3) 


N4— C33— C30— C29 


-13.6(3) 


N4— C33— C30— C31 


169.95 (19) 



Hydrogen-bond geometry (A, °) 
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Symmetry codes: (i) 


-x+1, -y-\, -z+1; (ii) -x+1, -y, -z+1; (iii) -x, 


-y, -z; (iv) -x, 


^v+i.-z; (v)-x,-y-l, 


-z; (vi) x,y-l,z; 



y+\,z. 
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